On the effect of adrenalin upon the thyroid gland, many reports have been published. BOTKIN and TEW (1952) noticed, with the aid of radio isotope, that I131
in thyroid is decreased by adrenalin injection, and concluded that this phenomen is due to a hypersecretion of colloid into blood vessel. Likeweise, KAIZUKA, SAKAGUCHI and HIRAYAMA (1955) also reported the same view. WILLIAMS et al. (1949) , BOTKIN and JENSEN (1952) , ESKELSON et al. (1954) considered that thyroxine in blood is spent more than usual and colloid is secreted more after adrenalin injection.
On the contrary, VERZAR (1953) , FLUCKIGER and VERZAR (1953) , SHIBATA et al. (1954) explained that the decrease of I131 after injection of adrenalin, is owing to the weakened ability for taking and secreting of jod in thyroid.
A few histological works have been reported on these problems. KAIZUKA, SAKAGUCHI and HIRAYAMA (1955) found, after injection of 0.2mg adrenalin to rat, the increase of the follicular cell height and the decrease of the size of follicular lumen, and concluded these phenomenon as a hyperactivity of thyroid.
duced no change in rat thyroid. Using chicks, the ages of which are clear, we investigated the histological changes in various times after injection of adrenalin, and got some interesting results as follows.
I. Materials
and Methods.
Materials we used are female chicks of white Leghorn, 20-30 days old after hatching. In each experiment, 6 chicks same days old were killed by decapitation at 0, 1, 2, 4, 6 and 24 hours after subcutaneous injection of 0.2 or 0.5mg adrenalin. The thyroids were soon removed, fixed in BOUIN's solution, embedded in paraffin, iron hematoxylin.
These experiments were done 7 times in autumn. 
II.
Observations. a) Changes of follicular lumen.
All thyroidal follicular lumens become smaller when observed 1 hour after injection of adrenalin, and after. 2 hours show the same state of that of after 1 hour. After 4 hours they become larger than those before injection, and after 6 hours become again as small as those 1-2 hours after injection. After 24 hours they are restored to the state before injection. These changes were more clearely observed in the case of 0.5mg adrenalin injection than in that of 0.2mg injection.
For the purpose of reference, we illustrate, in table 1, the measurement data which show the area changes of follicular lumens after 0.5mg adrenalin injection. The areas of follicular lumens were measured on the section papers on which the tissues areas of 50 follicular lumens in the central part and 50 in the marginal part of thyroid were measured and averaged.
The color changes of follicular colloids stained by azan after adrenalin injection, were observed as follows. Generally in larger follicular lumen it is stained light blue, while in smaller one it is stained red. Before injection red and blue follicular colloids were mixed in thyroid, but after 1-2 hours most follicular lumens become red with decrease of their sizes, and only a few in the marginal part of gland remained blue. From these facts, it is understood that the colloids in follicular lumens are dense 1-2 hours after injection. After 4 Hours, with the enlargment Table 1 . Size changes of thyroidal follicular lumen after injection of 0.5 mg adrenalin.
of follicular lumen, most follicular colloids are stained light blue, which perhaps means the diluting of oolloid. After 6 hours they almost become red again as those after 1-2 hours. After 24 hours they are restored to the same state as those before injection.
In the case of 0.2mg adrenalin injection, these changes were not so remarkable as those in the case of 0.5mg adrenalin injection. b) Changes on the follicular epithelial cell.
First we describe the change of the follicular cell height after adrenalin injection.
At 1-2 hours after injection, the follicular cells have already become extremely higher, while after 4 hours they become extremely low, and after 6 hours become again as high as those after 1-2 hours. After 24 hours they were restored to the original figure. Table 2 shows the change of follicular cell height after 0.5mg adrenalin injection upon the 20 and 30 days old chicks. These were the averages of values measured on 200 cells at 0, 1, 2, 4, 6 and 24 hours after adrenalin injection.
Then the fine structural changes of follicular cells were observed. Before adrenalin injection, the round or oval nuclei are almost in the middle of the cells and are stained deeply with hematoxylin.
Sometimes the cells, free surfaces of which project peninsularly to the follicular lumen are to be seen. In these processes, perhaps apocrine secretion figure, there are big or small vacuoles not stained with hematoxylin-eosin. From the observation by electron microscopy, as reported by authors (1958), many endoplasmic reticula with mitochondria are seen in the basal parts of cells. The inner parts of these endoplasmic reticula were homogeneous and showed same electron density as those of follicular lumen. At the surface of cell many micro-villi project to follicular lumen, and sometimes the large pro- cesses consisting of large endoplasmic reticula were observed. At 2 hours after adrenalin injection, the cells were generally swollen and stained more lightly with hematoxylin-eosin than before injection. Tongue-formic or peninsular processes in which large and small vacuoles are contained are mostly to be seen in follicular cells. Nuclei keep almost the same state as those before injection. When observed with electron microscope, endoplasmic reticules are greatly enlarged as sac and RNA granules on their surfaces are reduced in number. Most mitochondria which contact with the out-sides of surfaces of endoplasmic reticula become oval and arrangements of their cristae come to be out of order like villi. From these results, it is considered that, as repoted formerly by authors (1958), thyroidal colloid is produced in endoplasmic reticulum by the aid of enzymic work of mitochondria and RNA granules, which contact on the surface of endoplasmic reticulum. On the other hand, the enlarged endoplasmic reticula, some of which are broken, fall into follicular lumen from the surface of cell. KAIZUKA, SAKAGUCHI and HIRAYAMA (1955) also reported that, in rat 2 hours after 0.2mg adrenalin injec-tion, follicular lumens became smaller and the cells fell off into follicular lumen. These are in accord with the present results. These facts are clearly observed in the case of 0.5mg adrenalin injection, but injecting of 0.2mg does not produce so Fig. 6 . Electron micrograph of thyroid follicular cell, 2 hours after injection of 0.5mg adrenalin.
It is noticed the endoplasmic reticulum filled with homogeneous remarkable a change in thyroid. It takes much dosis of adrenalin to provoke the distinct change in thyroid.
The difference between our results and SAITO's paper probably owing to his injection of less dosis of the drug. At 1-2 hours after injection, the secretion figures of colloid into follicular lumens were observed Fig. 7 . Electron micrograph of thyroid follicular cell, 4 hours after injection of 0.5mg adrenalin.
The thinning of the follicular cells and the decrease of the everywhere. After 4 hours the cells become very low in height and the apocrine processes and vacuoles are almost non-existent, and relatively dark and dense tone fills the entire cells. Nuclei, however, do not show so remarkable a change. By electron microscopy, endoplasmic reticula become very small and flat, and cristae of mitochondria are arranged regularly and dense lamellarly.
The number of microvilli of the free surface is less than those before injection. Apocrine secretions into follicular lumens are almost unnoticeable. From these facts, it is concluded that the cells are in resting states 4 hours after injection. After 6 hours, follicular cells, with the increasing of their heights, have many large and small vacuoles again. After 24 hours, histological figures are restored to the state before injection.
III.
Comments.
At 1-2 hours after adrenalin injection, the histological figures of thyroid are observed as follows: 1. enlarging of follicular lumens, 2. red staining of colloid with azan. 3. increasing of cell height, 4. enlarging of endoplasmic reticula, 5. disordered arrangement of cristae mitochondriales, and 6. increasing of apocrine processes and secretion figures into follicular lumen. In this stadium, perhaps, follicular cells produce much colloid and secrete them intensively into the follicular lumen. This can be considered as hyperactive stadium of cells. After 4 hours, following matters were obtained from above results:
1. enlarging of follicular lumens. 2. light blue staining of colloid with azan, 3. decreasing of cell height, and 4. reduction of size of endoplamic sac. From these facts, the cell is considered as in resting stadium. Then after 6 hours again it enters active stadium.
From present experiments, the histological structures of thyroid after adrenalin injection show different figures with the lapse of time after injection. If one observes only the figure after 4 hours, he will perhaps conclude that the thyroid function is suppressed by adrenalin injection. It is necessary to examine the change with the lapse of time after injection. Here we conclude that the injection of much dosis of adrenalin at one time stimulates the thyroid gland and transitorily makes it secrete more colloid than in normal condition.
IV. Summary.
Using female chicks, 20-30 days old, we studied on the histological changes of thyroid at 0, 1, 2, 4, 6, 24 hours after subcutaneous injection of 0.2 or 0.5mg adrenalin and summarise our results as follows: 1. The sizes of follicular lumens become smaller after 1-2 hours, larger than those before injection after 4 hours, after 6 hours again as small as those after 1-2 hours, and are restored to normal state after 24 hours.
2. The follicular cells become higher after 1-2 hours, lower after 4 hours than those before injection, and again higher after 6 hours, and are restored to normal figures after 24 hours.
3. At 1-2 hours after injection, most follicular cells have tongue formic or peninsular processes in which large and small vacuoles are contained. After 4 hours these processes and vacuoles have almost vanished, and after 6 hours increase again.
After 24 hours the thyroidal figures are restored to normal state.
4. When observed with the electron microscope, the endoplasmic reticula in follicular cells are swollen, and have intensively fallen into follicular lumen 1-2 hours after injection. Mitochondria are also swollen and the arrangements of their cristae are out of order. After 4 hours, endplasmic reticula are reduced in their size and become flat, and most mitochondrial cristae are arranged regularly.
5. These reactions are more remarkable in the cases of injection of 0.5mg adrenalin than in those of 0.2mg.
6. Much dosis of adrenalin injection at one time, stimulates the thyroid gland transitorily and makes it secrete colloid intensively.
